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(54) [Title of the Invention] THIN FILM TRANSISTOR TYPE LIQUID 
CRYSTAL DISPLAY DEVICE 
(57) [Abstract] 

[Purpose] To prevent light leakage and deterioration of liquid 
crystal by eliminating a DC component between a drain electrode 
and a counter electrode in a thin film transistor type liquid 
crystal display. 

[Constitution] A shielding electrode 7 is formed on the drain 
electrode 2 of a thin film transistor through an insulating 
film. The shielding electrode 7 is electrically connected to 
the counter electrode . By this arrangement, the drain electrode 
2 and the counter electrode are shielded by the shielding 
electrode 6, so that no DC component is generated between them. 
Accordingly, the liquid crystal on the drain electrode 2 is 
not turned on so that light leakage is not caused. Further, 
the DC component is not applied to the liquid crystal, so that 
the liquid crystal is not deteriorated. 
[Claims] 

[Claim 1] A thin film transistor type liquid crystal 
display device, comprising: a thin film transistor substrate; 
and a counter electrode substrate opposite to the thin film 
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transistor substrate with liquid crystal held between them, 
wherein (a) a shielding electrode is provided on a drain 
electrode of the thin film transistor substrate through an 
insulating film, and (b) voltage input to the shielding electrode 
is made equal to the voltage input to the counter electrode 
of the counter electrode substrate. 

[Claim 2] The thin film transistor type liquid crystal 
display device according to claim 1, wherein the shielding 
electrode and the counter electrode are electrically connected 
to each other. 

[Claim 3] The^ thin film transistor type liquid crystal 
display device according to claim 1 or 2, wherein the width 
of the shielding electrode is larger than the width of the drain 
electrode . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Application] 

This invention relates to a thin film transistor type 
liquid crystal display device. 
[0002] 
[Prior Art] 

The thin film transistor type liquid crystal display 
device has been taken as the strongest candidate of a flat panel 
display in its excellent display quality, actively studied and 
developed in each company and each institution, and already 
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started to be put to practical use and commercialized. 
Especially in recent years, the size has been enlarged and on 
the other hand, the development into high precision has been 
advanced. This situation results from the fact that many 
improvements have been made in the structure of the thin film 
transistor (hereinafter referred to as "TFT") . 
[0003] 

Fig. 6 is a partial sectional view of the conventional 
thin film transistor substrate. This is TFT called an inverted 
staggered type bottom gate structure mostly adopted recently. 
In this structure, a gate insulating film 34, a semiconductor 
layer 36, and an ohmic layer 36 are formed in order on a gate 
electrode 32, and a source-drain electrode 37 as a signal 
electrode is provided thereon. The position of a pixel 
electrode 33 is below the source-drain electrode 37 in some 
case, and above it in some case. This difference depends on 
the point to which each company pays attention, and the whole 
TFT structure is not very different. It is very general to last 
provide a passivation film 38. This type of TFT structure is 
considered to be the main current, and many structures have 
been released from each company and each institution. 
[Problems that the Invention is to Solve] 

In the thin film transistor type liquid crystal display 
device of the above structure, however, always some voltage 
is applied to a drain electrode where a video signal enters, 
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and a potential variation between the drain electrode and the 
counter electrode due to the voltage drives liquid crystal 
molecules, causing light leakage. As measures against this, 
generally a black mask layer is formed on the counter electrode 
side to thereby intercept the light leakage. This measure, 
however, has the problem that since the black mask layer is 
formed, the aperture ratio must be smaller. 
[0005] 

Even if this light leakage canbe preventedby suchmeasures, 
a potential variation caused between the drain electrode and 
the pixel electrode is inevitable. That is, since a drain 
electrode is just at the side of the pixel electrode where the 
voltage on the drain electrode is once written by a gate signal, 
and some voltage is applied to the drain electrode, a pixel 
potential variation due to a capacitive coupling between the 
drain electrode and the pixel electrode is caused. Further, 
generally the central value of the positive and negative levels 
of the pixel electrode potential becomes lower than the central 
value of the positive and negative levels of the drain voltage 
due to a voltage drop caused by the capacity between the gate 
electrode and the source electrode of the TFT, so it enters 
the state where voltage of DC component is applied between the 
drain electrode and the pixel electrode. When DC component 
is applied to the liquid crystal, deterioration becomes 
remarkable to lose reliability. In order to prevent such 
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disadvantage, the voltage of the counter electrode has been 
set lower corresponding to the voltage drop. In that case, 
however, although DC component is not applied to the liquid 
crystal between the pixel electrode and the counter electrode, 
encountered is the problem that DC component is applied to the 
liquid crystal between the drain electrode and the counter 
electrode to deteriorate the liquid crystal. 
[0006] 

The invention has been made to solve the problems of the 
prior art and it is an object of the invention to provide a 
thin film transistor type liquid crystal display device, which 
may have a large aperture ratio, little cause deterioration 
of liquid crystal, and have excellent display quality and 
excellent reliability. 
[0007] 

[Means for Solving the Problems] 

In order to solve the problems, the invention provides 
a thin film transistor type liquid crystal display device, 
including a thin film transistor substrate, and a counter 
electrode substrate opposite to the thin film transistor 
substrate with liquid crystal held between them, in which a 
shielding electrode is provided on a drain electrode of the 
thin film transistor substrate through an insulating film, and 
voltage input to the shielding electrode is made equal to the 
voltage input to the counter electrode of the counter electrode 
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substrate . 

[0008] 

[Operation] 

According to the invention, the thin film transistor type 
liquid crystal display device is constructed as described above, 
whereby the drain electrode and the counter electrode are 
shielded from each other by the shield electrode . Accordingly, 
even if a potential difference is caused between the drain 
electrode and the counter electrode, the drain voltage is 
shielded by the shield electrode not to generate a DC component 
between the electrodes so that the liquid crystal on the drain 
electrode will not be turned on. 
[0009] 

[Embodiment] 

The embodiment of the invention will now be described 
in detail with reference to the attached drawings. Fig. 1 is 
a plan view of a thin film transistor substrate in the embodiment 
of the invention. As shown in the drawing, a transistor taking 
a semiconductor layer 5 as a channel is formed in a part where 
a gate electrode 1 and a drain electrode 2 intersect each other, 
the semiconductor layer 5 is switched by voltage applied to 
the gate electrode 1 to write a signal of the drain electrode 
2 in a source electrode 3, and write the same in a pixel electrode 
4 through a contact hole 25 . In this configuration, a shielding 
electrode 6 is provided parallel on the drain electrode 5. 
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[0010] 

Fig. 2 is a partial sectional view (taken along line A 

- A' of Fig. 1) of the thin film transistor in the embodiment 
of the invention. In the present embodiment, the gate electrode 
1 is anodized to form a gate anodic oxide film 7 on the gate 
electrode 1. This is mainly intended to prevent short-circuit 
between the gate electrode' and the drain electrode. This is 
not essential component to the invention, so it may be 
dispensable. A gate insulating film 8 is disposed on the gate 
anodic oxide film 7, and the semiconductor layer 5 is disposed 
thereon. An homic joining layer 11 is disposed in a contact 
part between the drain electrode 2 and the source electrode 
3. It is an intermediate insulating film 9 that is formed on 
these films, and a contact hole 25 for obtaining continuity 
of the source electrode 3 and the pixel electrode 4 is formed. 
A passivation film 10 is formed overall thereon, thereby 
preventing impurity from penetrating a liquid crystal layer. 
When the shielding electrode 6 mentioned before is, as known 
from the drawing, formed of the same electrode material as the 
pixel electrode (e.g. ITO) , the number of masks will not be 
increased so that the process will not be complicated. 
[0011] 

Fig. 3 is a partial sectional view (taken along line B 

- B' of Fig. 1) of the thin film transistor substrate in the 
present embodiment of the invention. It is found from the 
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drawing that since the shielding electrode 6 is a little wider 
than the drain electrode 2, capacitive coupling to the adjacent 
pixel electrode 4 becomes smaller, and a drain electrode signal 
can be prevented from reaching the liquid crystal layer side. 
[0012] 

Fig. 4 is a sectional view of a drain electrode wiring 
part of the thin film transistor type liquid crystal display 
device according to the embodiment of the invention. As shown 
in the drawing, it is found that liquid crystal 18 is held between 
a counter electrode substrate and a TFT substrate. In order 
to align the liquid crystal molecules, an alignment film 12 
is formed on two substrates. Color filter layers 14, 15 are 
formed to cover drain wiring and gate wiring parts with a black 
mask layer 13, a first color layer 14 of the color filter and 
a second color layer 15 of the color filter are disposed thereon, 
and further generally a planarizat ion layer 16 for planarizing 
the filter surface is disposed. 
[0013] 

A counter electrode 17 is formed overall, and set to the 
potential equivalent to the central value of the positive and 
negative levels held in the source electrode. The shielding 
electrode 6 is formed a little wider to cover the drain electrode 
5, and the shielding electrode 6 is also set to the same potential 
as the counter electrode 17, whereby even if a potential 
difference is caused between the drain electrode and the counter 
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electrode, the drain voltage is shielded by the shielding 
electrode 6 so that the liquid crystal 18 on the drain electrode 
5 will not be turned on to prevent light leakage . Since the 
central value of the positive and negative levels held in the 
pixel electrode 4 is equal to the potential of the counter 
electrode, that is, the potential of the shielding electrode, 
no DC component is generated between the shielding electrode 
and the pixel electrode. Further, since the positive and 
negative symmetric alternating voltage is applied between the 
pixel electrode 4 and the counter electrode 17, no DC component 
is generated. 
[0014] 

Since the light leakage can be prevented by the shielding 
electrode 6, a blackmask layer 13 which has been used to determine 
the aperture ratio heretofore is little required to be wider 
than the wiring width, and omission of the black mask layer 
13 will not constitute an obstacle at all. That is, the size 
of the pixel electrode 4 may be taken as an aperture ratio as 
it is. The light leakage due to spreading of line of electric 
force is substantial spreading of the pixel electrode, so no 
problem is caused and it is rather advantageous. 
[0015] 

Fig. 5 is a block diagram of an electric circuit of a 
thin film transistor type liquid crystal display device 
according to the embodiment of the invention. As shown in the 
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diagram, a transistor 21 is formed at a part where a gate electrode 
group 19 and a drain electrode group 20 intersect each other, 
and since the shielding electrode 6 is laid along the drain 
line, it is drawn intact to the outside of the display part 
to conduct outside. Thus, the shielding electrode 6 is caused 
to conduct with the counter electrode 17 and set to the same 
voltage as the counter electrode 17 according to a counter 
electrode signal 24. The counter electrode signal 24 is 
generally DC voltage, which is the central value of the positive 
and negative levels of the source voltage or the like. Although 
sometimes a very small AC voltage is superimposed for the purpose 
of raising the effective voltage applied to the liquid crystal, 
in short it will be sufficient that the voltage applied to the 
shielding electrode is a signal equal to the voltage to the 
counter electrode . 
[0016] 

As for pulling of the shielding electrode in the outside, 
since the shielding electrode is formed between the intermediate 
insulating film and the passivation film, it is impossible to 
cause inevitable intersection with another electrode . Further, 
since the shielding electrode is taken out to both sides, a 
voltage drop due to high resistance of the shielding electrode 
material is not a problem. Further, it is noticeable that the 
shielding electrode can exhibit the effect for correcting 
breaking of a drain wire. That is, when laser is applied to 
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both adjacent sides of the drain breaking portion, easily a 
lower drain electrode is caused to conduct. When the shielding 
electrode used for correction in the outside is further 
electrically cut off from the counter electrode, the shielding 
electrode is changed to act as a drain electrode. 
[0017] 

The invention is not limited to the above embodiment, 
but it may be subjected to various deformations on the basis 
of the gist of the invention. For example, the shielding 
electrode is not connected to the counter electrode, and the 
voltage egual thereto is input. Such deformations are not 
excluded from the scope of the invention. 
[0018] 

[Advantage of the Invention] 

According to the invention, as described above in detail, 
the shielding electrode is provided on the drain electrode 
through the insulating film, and the shielding electrode is 
held at the potential equal to that of the counter electrode, 
whereby the drain electrode and the counter electrode are 
shielded from each other by the shielding electrode, so that 
no DC component is generated between the electrodes . Accordingly, 
the liquid crystal on the drain electrode will not be turned 
on so that light leakage is not caused. As a result, the black 
mask is dispensable so that the aperture ratio of the display 
device can be improved. Furthermore, deterioration of the 
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liquid crystal is not caused. 
[0019] 

When the shielding electrode is formed wider than the 
drain electrode, the shielding function of a voltage signal 
on the drain electrode can be improved. Furthermore, breaking 
of the drain electrode can be corrected. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a plan view of a thin film transistor 
substrate in an embodiment of the invention. 

[Fig. 2] Fig. 2 is a partial sectional view (taken along 
line A - A' of Fig. 1) of the thin film transistor substrate 
according to the embodiment of the invention. 
[Fig. 3] Fig. 3 is a partial sectional view (taken along 
line B - B' of Fig. 1) of the thin film transistor substrate 
according to the embodiment of the invention. 
[Fig. 4] Fig. 4 is a sectional view of a drain electrode 
wiring part of a thin film transistor type liquid crystal display 
device according to the embodiment of the invention. 
[Fig. 5] Fig. 5 is a block diagram of an electric circuit 
of the thin film transistor type liquid crystal display device 
according to the embodiment of the invention. 
[Fig. 6] Fig. 6 is a partial sectional view of the 
conventional thin film transistor substrate. 
[Description of the Reference Numerals and Signs] 
1: gate electrode 
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2: drain electrode 

3: source electrode 

4: pixel electrode 

5: semiconductor layer 

6: shielding electrode 

8: gate insulating film 

9: intermediate insulating film 

17: counter electrode 



14 



FIG, 1 

1: GATE ELECTRODE 

2: DRAIN ELECTRODE 

3: SOURCE ELECTRODE 

4 : PIXEL ELECTRODE 

5: SEMICONDUCTOR LAYER 

6: SHIELDING ELECTRODE 

25: CONTACT HOLE 

FIG . 2 

7: GATE ANODIC OXIDE FILM 

8: GATE INSULATING FILM 

9: INTERMEDIATE INSULATING FILM 

10: PASSIVATION FILM 

11: OHMIC JOINING LAYER 
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